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significantly increased at the end of fermentation. This is because, when the 
acidity increased, the pH decreased. The TA was increased as the acetic acid 
increased because the content of the acid in the vinegar was increased as the 
production of acetic acid by acetic acid bacteria occurred. AC has significantly 
increased until the end of fermentation. This is because; the alcohol is being 
produced by yeast at first two weeks of fermentation and reduced at the end of 
fermentation as the alcohol has been used up as the substrate by acetic acid 






Table 4.3 below showed the pH, TSS, TA, alcohol content (AC) and acetic acid 























































Values are expressed as mean ± SD of triplicates measurements superscripts with different letters 
are significantly different at p < 0.05 within the same column 
 
 
Similar as dokong vinegar, the alcohol and acetic acid content at day 1 was the 
lowest, 0.00 ± 0.00 while TSS was the highest, 22.4 ± 0.00°Brix. This is because; 
sugar has still not been utilized by yeast to produce alcohol. Generally higher  
TSS indicates more sugar in the pulp. The more ripe the fruits the more amount of 
sugar in fruits (Haque et. al., 2009). 1°Brix is equal to 1% of sugar content 
(USDA, 2011). However, the acetic acid content increased at day 68 which was 
7.11 ± 0.03 while alcohol content reduced0.24 ± 0.00 because the acetic acid 
bacteria utilized alcohol as substrate to produce acetic acid which is the reason of 
the alcohol content decreased. On day 68, TSS remained the high value which  
was 22.00 ± 0.00. Meanwhile for pH, the value was high at day 1 which is 3.65  ± 
0.00 and decreased at day 68 which is 3.43± 0.00 while the TA value at day 1 was 
17  
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0.31 ± 0.01and increased at day 68 to 1.78 ± 0.01. The acetic acid bacteria 
increased the acidity of vinegars (Singaravadivel et. al., 2012). Therefore, the 
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Figure 4.2: Graph of pH, TSS, TA, AC and AAC of rambutan vinegar during 68 
days fermentation process 
 
 
From the graph shown by Figure 4.2, rambutan vinegar was not significantly 
decrease in TSS. The concentration of sugar was decreasing with fermentation 
time, but at a slower rate than that in the first step. This observation can be 
explained on the basis of the existence of increased alcohol concentration in the 
medium (Silva et. al., 2007) which was shown by the graph where alcohol content 
was significantly increased until the middle of fermentation. However, it was 
significantly decreased at the end of fermentation. On the other hand, when TA 
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was significantly increased, pH was significantly decreased and vice versa 
because pH measures the acidity in vinegar (Liu et. al., 2012). As for acetic acid 
content; the graph is significantly increased in the middle of fermentation and 
significantly decreased at the end of fermentation. 
 
 
4.2 Total Colony Count of 1 ℓ fruits vinegar 
 
 
Figure 4.3 showed the total microbial count of the vinegars that was carried out to 
monitor the growth of microorganism in the vinegars. The colony on PDA which 
was assumed as yeast was low compared to colony on NA which was assumed as 
acetic acid bacteria because; the samples were taken at the end of the fermentation 









Figure 4.3: Total colony count of microorganisms on PDA and NA in 1 ℓ fruits 





A sample of mother of vinegar were taken at day 68 that caused the population of 
the microorganisms was higher compared to the sample that was tested on the 
liquid of vinegar because mother of vinegar is the layer of accumulation of living 
microorganisms that involve in the fermentation process (Mas et. al., 2014). The 
fermentation of vinegar involved in two successive stages of alcoholic 
fermentation and acetic acid fermentation. Thus, the population of yeast was 
replaced by AAB due to the end process of alcoholic fermentation. This can be 
proved by the data where the colony of microorganism that have been grown on 
potato dextrose agar; which is the specialized media for yeast, was 8.25 x 10¹± 
0.58 cfu/ml of yeast population for all the vinegars. 
 
On nutrient agar, the bacteria population; can be assumed as acetic acid bacteria 
was higher compared to yeast population on PDA. The data showed that dokong 
vinegar had the lowest acetic acid bacteria which were 1.25 x 10³±1.00 cfu/ml 
while rambutan has the highest which was 2.91 x 10³ ± 2.52cfu/ml. However, for 
the accurate result to monitor the growth of microorganism in the vinegar, the 
sample should be tested on the liquid vinegar as it will be consumed or used by 
people yet the mother of vinegar usually will be used as waste or starter culture as 
the fermentation process ended (White, 1993). 
 
 
4.3 Analyses of 7 ℓ dokong and rambutan vinegars 
 
 





Table 4.4: The changes of colour, aroma, flavour and appearance of 7 ℓ dokong and rambutan vinegars observed by naked eyes 
 
Days of fermentation Colour Aroma Flavour Appearances 
 
Day 1 Light brown Fruity smell 
Sweet sour with slightly 
bitter 
Cloudy 
 Day 7 Light brown Sour and pungent Sour and pungent Clear 
 Day 14 Light yellow Sour and pungent Sour and pungent Clear 
Dokong Day 21 
Yellowish 
brown 
Sour and pungent Sour and pungent Clear 
 Day 28 Light yellow Sour Sour Clear 
 Day 35 Light yellow Sour Sour Clear 
 Day 42 Light yellow Sour Sour Clear 
 Day 49 Light yellow Sour Sour Clear 
 Day 1 White Fruity smell Sweet Cloudy 
 Day 7 Pale yellow Sweet sour Sweet sour Clear 
 Day 14 Pale yellow Sour Sour Clear 
Rambutan Day 21 Pale yellow Sour Sour Clear 
 Day 28 Pale yellow Sour Sour Clear 
 Day 35 Reddish brown Sour Sour Clear 






Table 4.4 showed the changes of colour, aroma, flavour and appearance of 7 ℓ 
dokong and rambutan vinegars observed by naked eyes. For the colour of dokong 
vinegar; it was light brown colour on day 1. The colour changed to light yellow  
on day 14 and yellowish brown on day 21. On day 28, the colour changed to light 
yellow and remained until the end of fermentation. For rambutan, the white colour 
of the juice turned to pale yellow on day 7. Then, the colour changed to reddish 
brown on day 35 until the end of fermentation. On day 1, the aroma and taste was 
sweet. Then, the aroma was changed to sour and pungent smell, and tasted sour  
on day 7. On day 28, the aroma and taste was turned to vinegar which was sour 
and remained until the end of fermentation. For rambutan vinegar, on day 1, the 
aroma and flavour of the juice was sweet and have the smell and taste of 
rambutan. Then, the aroma and flavour started to change on day 7 where the 
fermented juice has the sweet sour aroma and taste. On day 14, the aroma and 
flavour was remained sour until day 42. The appearance of dokong and rambutan 
vinegar changed from cloudy to clear on day 7 until the end of fermentation. 
The final product obtained in both fruits showed good colour which is light 
yellow for dokong and reddish brown for rambutan and good organoleptic 
characteristics. The rambutan vinegar had a strong rambutan flavour while 
dokong had a dokong flavour which compensated for the pungent smell from the 
volatile acidity, and proved to be a very promising product. The observed colour 
of vinegar samples was dependent on the source of raw materials they were 




colour tended to present a higher content of total polyphenols and antioxidant 
capacity. For example, Balsamic vinegar exhibited the greatest values of 
polyphenols and antioxidant properties. This may be due to the nature of balsamic 
vinegar in that it is produced from a slow acetification of concentrated white 
grape must with high sugar content carried out in series of wooden barrels. The 
long period of maturation and aging processes yield a vinegar product with high 
acidity, sugar and density (Pinsirodom et. al., 2010).The high acidity of the 
vinegar contributed to sour taste and aroma of the vinegar. The flavour in the 
dokong and rambutan are due to the presence of small quantity of esters and 
essentials oils distributed throughout pulp and the presence of organic acid also 
contributed to the flavour of the vinegar (Raji et. al., 2012). 
In addition to acetic acid, the other organic acids that were formed during the 
fermentation became esterified and contributed to the characteristic odour,  
flavour and colour of the vinegar (FAO, 2000). The flavour and clarity of the 
vinegar is improved by aging, especially vinegar made from wine or fruit juice. 
Esters are formed and the harsh flavour and odour of the fresh product disappear. 
Aging takes place during storage and may require a year or longer. Some vinegar 
may be bottled without further treatment, but most of them should be clarified 
first. Clarification may be effected by filtration, using filter acids or by firing 
(Rajvaidya, & Markandey, 2006).
 
 
